Food irradiation technologies are used to reduce the risk of food borne diseases by eliminating pathogenic microorganisms, prolonging shelf life and reducing storage losses by delaying ripening, germination or sprouting. However, application of irradiation in food technology can negatively influence the biologically active compounds in foods. In this research, the effect of gamma-irradiation on the antioxidant activity of Bulgarian teas was investigated. The aim of the study was to evaluate the total phenolic and tannin content and antioxidant activity of ethanolic extracts of Bulgarian herbal teas before and after gamma-irradiation. Mursalski tea (Sideritis scardica), Mashterka tea (Thymus serpyllum), Good Night tea (tea mix), Staroplaninski tea (Balkan tea mix), Trakia tea (tea mix), and Mountain tea (Planinski tea mix) were selected for this study. Gamma-irradiation was applied at the absorbed dose of 5 kGy. Antioxidant activity of nonirradiated and irradiated teas was determined by measuring antiradical activity against DPPH
Herbal teas are traditional beverages consumed worldwide. They are a rich source of phenolic compounds associated with positive effects on human health, and exhibit antioxidant, anti-mutagenic, and immune response activities, as well as anti-allergic and anti-diabetic properties [1] . The antioxidant potential of herbals teas has been confirmed by several authors [2] [3] [4] [5] 
using several chemical methods (ABTS, FRAP, DPPH assays).
Herbal teas can often be contaminated by pathogens such as aerobic spore-forming bacteria, non-fermenting bacteria (non-pathogenic) and Aspergillus species [1, 6] . One of the methods that can be utilized to protect herbal teas against pathogens is gamma-radiation. During this process, OH
• free radicals are created. These radicals interact with the DNA of microorganisms, leading to their death [7] . It is worth emphasizing that gamma-radiation can also inhibit mycotoxinogenic fungi and kill insects [8] .
It is important to know what is the impact of gamma-irradiation on the antioxidant activity and total phenolic content of herbal teas, and this is the aim of the present study. Information about this influence is scarce in the literature.
Total phenolic content in the extracts and teas are presented in Table 1 . Before irradiation, the extract of Mursalski tea had the highest total phenolic content (268 mg/g), and the extract of Mashterka tea the lowest (104 mg/g). Total phenolic content of traditional Bulgarian teas was several times lower than that reported for herbal teas in China [2] . Furthermore, similar values for total phenolic content were determined in plants used for herbal teas in Spain [3] .
Irradiation had the most significant effect on the total phenolic content of Mashterka and Staroplaninski tea extracts, as well as of Mursalski, Staroplaninski and Trakia dry teas. These results agree with the findings of the majority of the literature. Gamma-radiation increased the total phenolic content in peanut skins [9] , almond skins [10] , rosemary [11] , and seed coat colored soybean [12] . However, no significant effect has been observed so far on the total phenolic content of radiation-processed tea [13] .
A high value for high-molecular tannin content was noted for Good Night tea (Table 1) . Much lower values were determined for Planinski and Trakia teas. In other teas, tannins were not detected. The effect of gamma-radiation was not clear. Irradiation increased the tannin content in Planinski tea and decreased it in Good Night tea. De Camargo et al. [9] found that the tannin content in peanut skins after irradiation was higher than in the control samples. Also, in the study of Stajner et al. [14] , gamma-irradiated soybeans exhibited a higher tannin content. The change in tannin content in irradiated plant material could be due to depolymerization [9] . According to some studies [9, 15] , radiation can convert the B-type procyanidin dimer into the A-type.
The antioxidant activity of phenolic compounds present in the extracts was investigated using ABTS, FRAP, and DPPH assays. The results are depicted in Figures 1-3 Planinski tea. The increase was observed for the above-mentioned teas and additionally for Trakia tea when the FRAP values were expressed in relation to the other teas (Figure 2 ). Gamma-irradiation increased antiradical activity against the DPPH radical in the case of the Mashterka and Staroplaninski teas (Figure 3 ). This positive effect of gamma-radiation on the antioxidant activity was previously reported in peanut skins [9] , almond skins [10] , rosemary [11] , seed coat colored soybean [12] , and peach [16] .
Antioxidant potential of extracts from Bulgarian teas before and after γ-irradiation Natural Product Communications Vol. 12 (2) 2017 183 Samples: Herbal teas were purchased at local stores in Sofia, Bulgaria. Mursalski (Sideritis scardica; Mashterka (Thymus serpyllum); Good Night (mix: peppermint leaves, lemon balm leaves, hawthorn flowers and leaves, linden flowers and cone hops); Staroplaninski tea (Balkan mix: wild thyme, peppermint, marjoram, blackberry leaves and elderflowers); Trakia tea (mix: basil, blueberry, marjoram rosehips and coriander); and Planinski (Mountain mix: Hypericum perforatum, wild thyme, strawberry and blackberry leaves) teas were selected for the study.
Gamma-irradiation of the teas:
Teas were irradiated with a 60-Co source with 8200 Ci activity. The gamma-ray facility has a mobile irradiation chamber with a 4.0 L volume and dimensions: 13.5 cm diameter and 22 cm height. The chamber rotates on its vertical axis during irradiation. For the study of absorbed dose distribution, Alanine dosimeters (Kodak BioMax) were used, measured by an ESR spectrometer E-scan Bruker and calibrated in units of absorbed dose in water. At each point, 3 dosimeters were placed. The maximum absorbed dose rate was 3.5 ± 0.02 kGy/h, the minimum average dose rate was 2.49 ± 0.02 kGy/h and the average dose rate was 2.98 kGy/h. All samples were irradiated in their commercial packaging with the minimum absorbed dose 5 ± 0.02 kGy and dose uniformity ratio r = D max / D min = 1.25. The absorbed dose of 5 kGy was chosen on the basis of preliminary microbiological tests made under the mentioned CRP, as it was found to be sufficient to reach the required level of "cleanness" in the teas.
Extraction: Non-irradiated and radiated teas were mixed with 95% ethanol in 1:20 solid: solvent ratio and left at room temperature for 24 h. The mixture was filtered, and the entire procedure was repeated for each sample. Extracts were combined, organic solvent was evaporated and the water residue was lyophilized.
Total phenolics content:
The content of total phenolics in the examined teas was investigated using Folin and Ciocalteu's reagent [17] with (+)-catechin as a standard.
Tannin content: Tannin content was estimated using the modified vanillin assay [18] . The results were expressed as mg of (+)-catechin equivalents per 1 g of extract/tea.
TEAC: Antiradical activity against ABTS
•+ was determined as Trolox equivalent antioxidant capacity and investigated according to Re et al. [19] . The results were expressed as mmol of Trolox equivalents per 1 g of extract/tea. DPPH radical scavenging: Antioxidant capacity against DPPH radical was tested using the method described by Yen and Chen [20] . The results are expressed as EC 50 , which was defined as the amount of antioxidant required to scavenge 50% of the radicals present in the reaction mixture.
FRAP:
Ferric reducing antioxidant power for tea samples was conducted according to the method described by Benzie et al. [21] . The results were expressed as mmol of Fe (II) per g of extract/tea. Statistical analysis: All analyses were triplicated. Mean values in the control and experimental groups were compared by Student's t-test using GraphPad Pris -Sowftware.
